Background: Schizophrenia is a complex illness in which genetic, environmental, and epigenetic components have been implicated. However, recently, psychiatric disorders appear to be related to a chronic inflammatory state, at the level of specific cerebral areas which have been found as well impaired and responsible for schizophrenia symptomatology. Hence, a role of inflammatory mediators and cytokines has been as well defined. Accordingly, the role of an acute inflammatory phase protein, the C-reactive protein (CRP) has been recently investigated.
INTRODUCTION
Schizophrenia is a complex psychiatric disease reported in around 1% of the general population [1] , and associated *Address correspondence to this author at the National Health Service, Department of Mental Health, Psychiatric Service of Diagnosis and Treatment, Hospital "G. Mazzini", Piazza Italia 1, 64100 Teramo, Italy; E-mail: domenico.deberardis@aslteramo.it with an average lifetime prevalence ranging from 0.7%-0.8% [2] and a low life expectancy, defined as the potential years of life lost due to schizophrenic illness [3, 4] . A recent literature review and meta-analysis observed a low life expectancy (of around 13-15 years), associated with a greater prevalence amongst males compared to females [5] . This has been extensively hypothesized depending on several factors, i.e. concomitant somatic diseases (e.g., cardiovascular diseases, diabetes, metabolic syndrome, etc.) [6] [7] [8] ; long-term and chronic use of the second-generation antipsychotics may potentially lead to metabolic and cardiovascular side-effects [9] [10] [11] ; increasing prevalence in tobacco, alcohol and illicit substances abuse use, amongst schizophrenic patients [12] [13] [14] , a greater sedentary life style [15] and unhealthy dietary habits [16] . Overall, schizophrenic patients appear to suffer from a reduced health-seeking behaviour [17] and a higher suicide risk compared to general population (OR=22), especially within one year of their first hospital admission [18] . Furthermore, it has been as well supposed a possible major genetic disposition which may facilitate the development of metabolic and cardiovascular accidents [19, 20] .
In general, the risk to develop a schizophrenic and/or a psychotic disorder may be determined by the complexity of genetic, environmental and social factors [21] , linked to each other by epigenetic mechanisms regulating gene expression levels and consequently molecular pathways [22, 23] . It is well known that monozygotic twins show schizophrenia concordance rates of about 40%-50% with a heritability rate of 80% [25] . However, the genetic component is not fully able to explain the aetiology of schizophrenia [26, 27] ; hence, recently genetic variants, epigenetic marks -such as cross-talk between DNA methylation and histone modification processes -, gene expression regulation and environmental factors are currently under study to better clarify the etiopathogenesis of schizophrenia [23] . Genome-wide linkage studies (GWLSs), derivation of genome-wide association studies (GWASs), are focused on screening variants and highthroughput sequences [23] . Furthermore, it has been demonstrated that schizophrenic genetic risk is modulated by genes indexed by single nucleotide polymorphisms (SNPs) located in the minor allele frequency (MAF) spectrum [23] . Moreover, proliferate chromosomal duplications or deletions, better known as copy number variants (CNVs), seem to be part of schizophrenia pathogenic expression [23] . Environmental factors as well as the specific patterns of disturbing brain growth during susceptible periods (i.e., early life distresses, urban environment, drug use and/or abuse, etc.) may contribute to the onset of schizophrenia [28] .
Furthermore, recently, the role of an inflammatory status as determinant in the etiopathophysiology of schizophrenia has also been proposed [29, 30] . Both psychiatric and neurodegenerative illnesses have been demonstrated to be related to a chronic inflammation of some specific brain areas, which are characterized by an infiltration of peripheral immune cells, which may worsen brain impairment, leading to symptomatic clinical presentation [31] . Generally, the Central Nervous System (CNS) is characterized by a mild inflammatory state associated with an immune activation/reaction. During the relapse phases of a neuropsychiatric disorder, the CNS is characterized by the absence of immune tolerance and, consequently, a worsening of the symptomatology; whilst, during remission phase, it presents an activation of immune tolerance which may as well ameliorates the symptomatology [31, 32] . Accordingly, evidence suggests that an increasing level of a stressing hormone may activate the inflammatory arm of the immune system and, hence, trigger the expression of genes responsible to elicit a chronic and low-grade inflammation state [33] . Within this context, the possible relationship between a psychotic breakdown evolving in schizophrenia and the C-reactive protein (CRP) plasma levels has been investigated [34, 35] . The CRP is an acute phase protein secreted by hepatocytes [36] during an inflammation, in response to the pro-inflammatory cytokines, other endogenous signals of innate immunity or a tissue damage [37] . CRP is easily measured through a blood sample in its highsensitivity form (hs-CRP) [38, 39] . CRP is considered a biomarker of aging and chronic illness and/or chronic low grade inflammation [40] . In fact, in subjects affected by cardiovascular diseases, myocardial infarction, stroke [41] [42] [43] , hypertension [44, 45] , type-2 diabetes [46] , chronic kidney injury [47, 48] , cancer or Alzheimer's disease and Parkinson's disease [49] [50] [51] , increased CPR levels have been reported in an age-dependent manner [52] . Comparing ageing adults with or without diseases/disability, CPR levels are reported higher in those with some physical illnesses [52] . Moreover, the survival, poor physical and cognitive performances appear to be dependent on PCR levels [52] . A meta-analysis evaluating eight studies reported that CRP levels were higher amongst patients affected with schizophrenia compared to comparison subjects [53] . CRP has been as well reported to be correlated with more severe psychopathology [54] , especially negative symptoms [55, 56] and a worsening in cognitive functioning [57, 58] . Indeed, understanding the pathways involved in the pathogenesis of elevated serum CRP may provide crucial insights into the pathophysiology of schizophrenia, also in a microvascular perspective [59] . An assessment of CRP levels may have utility in improving our understanding of the trajectory towards schizophrenia, being considered a sort of biomarker of the schizophrenia status [5, 33, 40] . Furthermore, clearly understanding how the inflammation could play a significant role in schizophrenia, may significantly help in developing new treatment strategies and pharmaceutical targets.
Hence, the present systematic review aims: a) to evaluate the correlation (if any) between the CRP and its blood levels with the onset, exacerbation and maintenance of schizophrenia; b) to evaluate the association (if any) between CRP levels and cognitive pattern amongst schizophrenics; c) to evaluate the association (if any) between CRP levels and severity of schizophrenia psychopathology (including the influence on aggressiveness, impulsiveness, etc.). The final goal is to determine if serum CRP levels may be considered biomarkers of schizophrenia phases and severity of illness. In addition, better understanding of the role of CRP in schizophrenia may in turn allow to develop better treatment strategies for schizophrenic patients.
MATERIAL AND METHODS

Search Sources and Strategies
A systematic review was here conducted according to the methods recommended by the Cochrane Collaboration [60] and the process and results were documented in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [61] . Literature searches were performed by using PubMed/Medline databases. We combined the search strategy of free text terms and exploded MESH headings for the topics of PCR and Schizophrenia as following: ((C-reactive protein [Title/Abstract] AND ((schizophrenia [Title/Abstract]) OR (psychotic disorder[Title/Abstract]))). Only articles published during the last 20 years in English were here selected. Studies published through May 1, 2017 were included. In addition, secondary searches were performed using the reference listing of all eligible as well as relevant articles and in consultation with experts in the field and or manual search.
Study Selection
We considered studies evaluating the relationship between CRP and schizophrenia or psychotic disorders. We examined all titles and abstracts, and obtained full texts of potentially relevant papers. Working independently and in duplicate, two reviewers (FS and FV) read the papers and determined whether they met inclusion criteria. Duplicate publications were properly excluded. All English-language articles identified by the data sources, reporting original data related to CRP in schizophrenia or psychotic disorders, were evaluated in the present review. All experimental and observational study designs were included apart from case reports. Randomized, controlled clinical trials involving humans were prioritized in the present systematic review. Narrative and systematic reviews, letters to the editor and book chapters were excluded. To be included in the present review, studies were required to meet the following criteria: a) empirical and peer-reviewed study; b) at least an abstract with estimates and/or full results published in English; c) the role of CRP in schizophrenia and/or psychotic disorders; and d) human studies.
Data Extraction and Management
FV and FS, independently extracted the data on participant characteristics, intervention details and outcomes measures. Disagreements were resolved by discussion and consensus with a third member of the team (LO). Data were collected using an ad-hoc developed data extraction spreadsheet.
Characteristics of Included Studies
The set of keywords initially generated 154 results (Fig. 1) . A total of 10 papers were excluded because they were not written in English; 14 papers were excluded because of reviews, letters to editors, or metanalysis; whilst 39 papers were not here included being based on non-human studies. Of the remaining 91 studies, further 55 studies were excluded because they did not meet the inclusion criteria. Finally, a total of 36 papers were included and accounted for in our analysis. Table 1 clearly explains the main characteristics (study design, sample size, main outcomes and findings) of all the studies here retrieved. Table 1 summarizes all the characteristics of studies here retrieved. Findings have been here dealt with according to the following subcategories: a) Association between CRP levels and schizophrenia and related clinical manifestations and severity of illness; c) Association between CRP levels and cognitive pattern in schizophrenia.
RESULTS
Studies on Correlation between CRP and Schizophrenia
A cross-sectional study evaluated the association between CRP levels and the clinical manifestation amongst 26 inpatients affected with schizophrenia or schizoaffective disorder, stable on antipsychotic medications [62] . No   Fig. (1) . Selection of retrieved studies. Subjects with CRP levels above the normal range (n=5) scored significantly higher than those with CRP levels in the normal range (n=21) at the PANSS total score, negative symptom subscale score and general psychopathology subscale score.
• Positive correlation with severity of psychopathology [57] Crosssectional study 
The correlations were generally weak to moderate, ranging from r = 0.023 (antibodies to gliadin and CRP) to r = 0.27 (antibodies to gliadin and casein).
• Generally, CRP was the most weakly correlated with the other measures, while the correlation between the level of casein antibodies and other measures was the strongest.
•
The chronic schizophrenia group differed from the control group for antibodies to gliadin (coefficient = .333, P = .007); CRP (coefficient = .469, P=<.001); ASCA (coefficient = .382, P=.005); pentraxin 3 (coefficient = .118, P = .023); and the composite inflammation score (coefficient = .453, P = <.001). The level of these markers was higher in the chronic schizophrenia group than in the control group.
• Positive correlation with psychopathology • Positive correlation with chronic phase of schizophrenia (Table 1) contd…. • hs-CRP levels were significantly higher in individuals with schizophrenia than in comparison subjects.
C-reactive Protein in Schizophrenia
•
Higher hs-CRP levels in schizophrenia group were associated with female gender, more severe negative symptoms, greater medical comorbidity, and worse metabolic risk factors including BMI, fasting glucose, and haemoglobin A1c levels. Hs-CRP was not related to age, race, education, smoking status, antipsychotic dosage, or cognitive impairment.
• Positive correlation with psychopathology • Positive correlation with severity of schizophrenia
No correlation with cognitive pattern [73] Observational study Association between CRP levels in childhood and the risk for the onset of depression and/or psychosis in adulthood 4585 individuals at age 9 were assessed for CRP levels and then evaluated at age 18 with clinical assessments
Participants were assessed at age 9 and the at age 18 years
• Risks of psychotic episodes and psychotic disorder at age 18 years were increased with higher IL-6 levels but not with CRP levels, at baseline (adjusted OR, 1.81; 95% CI, 1.01-3.28; and adjusted OR, 2.40; 95% CI, 0.88-6.22, respectively).
• Higher IL-6 levels (not CRP levels) in childhood were associated with subsequent risks of depression and Pes (Psychotic episodes) in a dose-dependent manner.
• No correlation with psychopathology ( • CRP levels significantly correlated with other laboratory markers indicating increased inflammation including leukocyte count and neutrophil to lymphocyte ratio (r = 0.387, P< 0.0001 and r = 0.356, P < 0.0001) respectively.
Inpatients with elevated CRP levels displayed increased aggressive behaviour compared to patients with normal CRP levels (<1 mg/dL). This was manifested by higher rates of restraint during hospitalization (x 2= 5.22, P=0.031) and increased PANSS-EC score (U=5410.5, P=0.012).
• Elevated CRP levels were not associated with suicidal behaviour.
• Multivariate analysis revealed that higher PANSS-EC score was associated with elevated CRP after controlling for the covariates age, sex, BMI and smoking.
• • At baseline, 8-iso-PGF2α levels were higher in patients with schizophrenia (p = 0.004) and major depression (p = 0.037), with a trend toward higher SOD concentrations in schizophrenia (p = 0.053).
After treatment, schizophrenia patients showed a further increase in 8-iso-PGF2α (p = 0.016). These results were not related to age, sex, disease severity, medication or adipose tissue mass.
• 8-iso-PGF2α was associated with smoking, endocrine stress axis activation, CRP levels and low plasma concentrations of brainderived neurotrophic factor. • Serum hsCRP levels tended to be higher in depressed patients at baseline compared to controls (p = 0.062) and increased in both patient groups following treatment to reach significance only in schizophrenia patients (p= 0.012).
• 
• CRP levels were higher in clinical sample compared to general population • Impaired 6MWD and dyspnea on the Borg scale were correlated to CRP (r= −0.369, p = 0.019 and r = −0.376, p = 0.017 and r = 0.354, p = 0.025 and r = 0.535, p < 0.001, respectively).
• • In both group of patients, the concentration of CRP (0.07 mg/dl for SZ and 0.14 mg/dl for mood disorders) was higher than that in control subjects (0.03 mg/dl).
• Positive correlation with psychopathology • • Positive correlation with cognitive pattern [94] RCT Association between CRP levels and cognitive performance in schizophrenia 124 schizophrenia (DSM-IV criteria) inpatients and 62 patients were retested at discharge or after 6 weeks at the latest 18-65 yy
• There was an inverse relationship between overall cognitive performance and CRP level at admittance • The association increased in sub-analyses including only patients with schizophrenia. In cognitive subdomain analyses statistically significant inverse associations were found between the CRP level and Delayed memory and Attention, respectively.
No associations were found between CRP level and other measures of psychopathology including psychosis symptoms, depression, or functioning.
• At follow-up the association between CRP level and cognition was no longer present.
There was a significant increase in cognitive performance between baseline and followup.
There was a stronger increase in overall cognition scores in patients with higher baseline CRP levels.
• [62] .
A study investigated the association between the CRP levels and the severity of psychopathology and cognitive impairment amongst 413 schizophrenia patients [57] . No statistically significant association between CRP levels and the PANSS (Positive and Negative Syndrome Scale) total score (p=.386), positive scale score (p=.592), negative scale score (p=.258) or general scale score (p=.627) has been reported. However, the mean RBANS (Repeatable Battery for the Assessment of Neuropsychological Status) cognitive score in the CRP elevated group (i.e., CRP>5 mg/L) was lower than that of the CRP normal level group (i.e., CRP<5 mg/L). No significant association has been reported between CRP levels and the use of a psychotropic medication (p>.05) [57] .
A case-control study investigating the association between high-sensitive CRP (hsCRP) levels with clinical phenotype of schizophrenia in a Kuwait Arab population, recruited 165 healthy controls vs 207 schizophrenia patients [63] . A statistically significant association has been found between hsCRP levels and schizophrenia patients clinically categorized as being in remission at the time of assessment (p<.01); whilst subjects with mild-to-moderate and severe illness had lower values. In addition, significantly lower hsCRP levels have been found amongst schizophrenia patients with a family history of psychosis to those without (p<.05). Higher and statistically significant hsCRP levels amongst patients with prominent catatonic features (p=.04) were compared to other clinical manifestation. No significant association between hsCRP and use of antipsychotic medication, current age of patient, gender, disease outcome, presence or absence of negative symptoms or age of onset of disease has been reported [63] .
A study recruited 60 bipolar disorder and 63 schizophrenia subjects in order to investigate if there are any differences in CRP levels amongst the groups as well as an association between increased CRP levels and the presence of a metabolic syndrome [64] . No statistically significant differences in mean CRP values have been observed between bipolar and schizophrenia group. However, a statistically significant higher proportion of bipolar patients (around 33%) reported CRP levels higher than 5 mg/L in comparison to the schizophrenia group (22%)(p=.041). In both groups, a significant association between high CRP and metabolic syndrome has been found (p=.031). CRP higher than 5 mg/L represented a predictor for metabolic syndrome both in schizophrenia (OR=2.153) and bipolar disorder group (OR=2.627) [64] .
A genetic pilot-study aimed at investigating the association of the CRP rs1417938, rs1800947, rs1205 variants with susceptibility to schizophrenia amongst 208 unrelated Armenians (103 patients and 105 healthy controls). However, no significant differences have been found when the proportions of CRP variants were compared between patients and controls (p>.05) [65] .
A study examined the association of serum hsCRP with schizophrenia psychopathology amongst a sample of antipsychotic-free male Egyptian patients with schizophrenia, in order to test if there is any association with psychopathology, severity of psychopathology and hsCRP levels in schizophrenia vs healthy controls [55] . In drug-free male schizophrenic patients, serum CRP levels were higher than in healthy controls. Moreover, the severity of psychopathology seemed to be associated with higher hsCRP levels, particularly negative symptoms [55] .
A large sample of individuals affected with schizophrenia (n= 295) was compared with bipolar disorder (n=192) and non-psychiatric controls (n=228) in order to evaluate the association with hsCRP [66] . CRP levels were significantly increased as compared to controls (p=.001). The CRP levels in bipolar disorder individuals were not significantly higher compared to controls (p=.120). Furthermore, schizophrenia individuals showed a significantly increased odd of having elevated levels of CRP (OR=1.79-2.76; p<.001). The odds for elevated CRP in the bipolar disorder group were not significantly elevated. Within the schizophrenia group, the CRP levels were associated with age (p=.001), female gender (p=.05), and BMI (p<.001), but not with PANSS total score, history of drug abuse, cigarette smoking, history of diabetes, education, maternal education, or current receipt of an atypical antipsychotic agent or specific antipsychotic medications including olanzapine, risperidone and clozapine [66] .
A case-control Taiwanese study recruiting 36 schizophrenic patients undergoing clozapine, olanzapine or risperidone vs 36 sex-matched healthy controls was conducted, in order to examine the differences in hsCRP levels amongst these groups [67] . A significant increase in the hsCRP levels in the schizophrenic group has been observed compared to healthy controls (p=.013). A significant positive correlation with hsCRP level was found in illness duration (p=.047) and PANSS negative scale score (p=.038) in schizophrenia group. The only significant correlation with hsCRP level was PANSS negative scale score in the clozapine subgroup (p=.043) [67] .
A population-based longitudinal birth cohort study evaluated the association between early-life atopic disorders, serum inflammatory markers (IL-6 and CRP) at age 9 years, and the risk of psychotic episodes at age 13 years [68] . Findings did not find an association between serum IL-6 and CRP levels at age 9 years and the risk of psychotic experiences at age 13 years [68] .
A study evaluated 78,810 individuals from two large independent general population studies, the Copenhagen General Population Study and the Copenhagen City Heart Study, which followed up subjects for up to 20 years, to evaluate if there is an association between plasma CRP levels between individuals with and without schizophrenia and schizophrenia and schizophrenia-like psychosis combined [69] . A fur-ther analysis involved testing their genotypes for 4 single nucleotide polymorphisms (SNPs) in the CRP gene to perform a Mendelian randomization study. Elevated plasma CRP levels were associated with a 6-to 11-fold increased risk of late or very-late-onset schizophrenia [69] .
A retrospective, cross-sectional, naturalistic study compared CRP levels between patients affected with schizophrenia, unipolar depression, bipolar depression and bipolar mania [70] . The authors did not find any differences between the groups (i.e. CRP level did not differ between subjects with schizophrenia, unipolar depression and bipolar disorder) [70] .
A study recruiting 588 individuals (79 with a recent onset of psychosis, 249 with chronic schizophrenia, not of recent onset, and 260 controls without a history of psychiatric disorder) aimed at evaluating the role of a set of inflammatory markers, including CRP, amongst schizophrenic patients at different phases of illness [71] . Amongst subjects in chronic schizophrenia group and recent onset group, CRP levels were significantly higher than in control group (respectively, p<.001 and p=.003) [71] .
A cross-sectional study aimed at investigating the relationship between quality of life and chronic inflammation by using CRP levels in a sample of 256 schizophrenic patients [72] . Amongst schizophrenia subjects recruited, those with high CRP levels (around 39.06% of the sample) were significantly older (p=.027), with a lower education level (p=.021), a longer duration of illness (p=.018), a higher BMI (p=.0) and lower quality of life scores for the SQoL (Schizophrenia Quality of Life) 18 index, the PhW (Physical Wellbeing) and the SL (Sentimental Life) dimensions (respectively, p=.016, p=.005 and p=.003). A multivariate analysis reported that PsW (Psychological Well-being), PhW and SL were the most salient dimensions of SQoL associated with CRP [72] .
A post-hoc analysis based on baseline data coming from a longitudinal study of accelerated aging in schizophrenia, evaluated the relationships of hsCRP levels with demographic characteristics, current psychopathology, cognitive function, physical comorbidity, and metabolic markers amongst schizophrenic patients, compared to healthy subjects without history of a major psychiatric illness [40] . Schizophrenic subjects showed significantly higher hsCRP compared to healthy subjects. Moreover, in the schizophrenia sample, elevated hsCRP levels were correlated with greater medical comorbidity and severity of negative symptoms. Authors did not find a significant association of hsCRP levels with other psychopathology or with executive/ cognitive impairment [40] .
A population-based longitudinal cohort study recruited approximately 4500 participants at the age of 9 years aimed to test the hypothesis that higher serum hsCRP levels in childhood would increase future risks for the onset of depression and/or psychosis [73] . There was no evidence of an association between psychiatric outcomes and CRP levels [73] .
A cross-sectional study enrolled outpatients affected with schizophrenia and healthy controls, by collecting simultaneously, at the time of the study visit, blood samples in order to measure CRP and 25-hydroxyvitamin [25(OH)D], to evaluate the relationship between vitamin D levels and risk of schizophrenia [74] . Patients with schizophrenia had significantly higher CRP and lower 25(OH)D compared to controls. Elevated levels of CRP or decreasing levels of 25(OH)D were independently associated with increased risk of schizophrenia. Findings suggested that high levels of vitamin D may be linked to reduced risk of schizophrenia with elevated CRP [74] .
A retrospective cohort study identified and recruited 213 schizophrenic inpatients without affective symptoms according to their CRP levels at admission, by classifying them in two groups (elevated CRP>1 mg/L; normal CRP<1 mg/L) in order to investigate the association, if any, between aggressive behaviour and inflammatory markers [75] . CRP levels were significantly correlated with other inflammatory markers, i.e. leukocyte count and neutrophil to lymphocyte ratio (p<.0001). Higher CRP levels were significantly associated with aggressive behaviour compared to patients with normal CRP levels. Elevated CRP levels have not been associated with suicidal ideation and/or behaviour [75] .
A case-control study, carried out in India, evaluated serum levels of copper, CRP and lipid profile and their association with psychopathology scores in drug-free schizophrenia patients [76] . Forty male (22 drug naïve and 18 drug free) schizophrenic patients and forty controls were enrolled. Copper, highly sensitive-CRP (hsCRP), total cholesterol and LDL-cholesterol were significantly increased and HDLCholesterol was significantly reduced in schizophrenia, compared to controls. However, serum copper and hsCRP levels did not show any significant correlation with the PANSS scores [76] .
A genetic sequencing study analysed post-mortem cerebrospinal fluid of 20 schizophrenic patients and 26 healthy controls, in order to sequence mRNA, markers of immune response and inflammation [77] . CRP levels were positively correlated with the immune/inflammation-related co-expression module and several immune modulator proteins in the serum of schizophrenic individuals [77] .
A case-control study and a meta-analysis of case-control studies between schizophrenia and serum CRP levels have been carried out to evaluate the causal association, if any, between CRP levels and the schizophrenia risk [78] . Four hundred and eighteen patients with schizophrenia and 1365 healthy controls were recruited in Japan. Findings reported that serum CRP levels were significantly higher in schizophrenic patients compared to controls. Moreover, a causal association between elevated CRP levels and increased schizophrenia risk has been demonstrated [78] .
A set of oxidative stress biomarkers [e.g., urinary 8-isoprostaglan-din F2α (8-iso-PGF2α), 8-OH-2-deoyxguanosine (8-OH-2-dG), and blood levels of malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione S-transferase (GST), CRP] were assessed in drug-naïve first episode schizophrenic patients (n=22), major depression (n=18) and healthy controls (n=43) [79] . Serum hsCRP levels tended to be higher in depressed patients at baseline compared to con-trols (p=.062) and increased in both patient groups following treatment to reach significance only in schizophrenic patients (p=.012). Moreover, a positive correlation has been found between 8-iso-PGF2alfa with serum hsCRP, by underlining the potential link between oxidative stress and a proinflammatory state in psychiatric patients [79] .
A neuroimaging study enrolled 28 early-course schizophrenia subjects and 21 healthy controls, by acquiring whole-brain multi-voxel, in vivo 31 P MRS data in 3-dimensions from 12 brain regions, interleukin-6 and CRP serum levels, to determine membrane phospholipid (MPL) metabolites, cognitive, clinical and immunological correlates in schizophrenia [80] . Findings reported an increased level of MPL catabolite in the thalamus of schizophrenic patients, no differences in IL-6 and CRP levels between cases and controls. Furthermore, CRP levels did not correlate with psychopathology or neurocognitive measures; positive symptom severity and WCST performance did not correlate with CRP levels [80] .
Thirty-two newly admitted acutely agitated schizophrenic patients were randomly recruited and compared to 42 healthy controls in a case-control study aiming at assessing hsCRP levels [81] . The authors reported significantly higher serum hsCRP levels in acutely agitated schizophrenic patients vs healthy controls (p<.001). Moreover, serum hsCRP significantly decreases after acute agitation is controlled by administration of anti-psychiatric medications for 2 weeks [81] .
A cross-sectional study recruiting 40 schizophrenic patients stable with antipsychotic medication, evaluated their physical functional capacity (assess by the 6-min walk-test [6MWT]) and inflammatory markers, including CRP levels and Von Willebrand factor [82] . 6MWT and dyspnea in Borg Scale of Perceived Exertion scores (BSPE) were positively associated with CRP (p=.019 and p=.017, respectively). Elevated CRP levels were associated with measures of functional impairment amongst schizophrenics [82] .
A study measured the antibody levels of some infectious agents and a pool of inflammatory markers (e.g., CRP, pentraxin-3 and soluble CD14) on a sample of outpatients affected with schizophrenics (n=28), bipolar disorder (n=32) vs healthy controls [83] . Amongst the three inflammatory markers here assessed, schizophrenic patients showed a significant increase only in sCD14. No differences were reported in CRP levels. Whilst bipolar disorder patients showed a significant increase in both CRP (p<.001) and sCD14 (p<.001) compared to controls [83] .
Forty-four unrelated schizophrenic Egyptian SZ patients and 50 healthy controls, who were admitted to the outpatient clinics of the Neuropsychiatry Department in Cairo, were enrolled in order to investigate whether oxidative stress, inflammatory and immune activation markers may be implicated in schizophrenia pathogenesis, including CRP serum levels [84] . Schizophrenic patients showed significantly higher CRP levels compared to controls. Moreover, CRP appeared to better discriminate, compared to other immunological markers, between a schizophrenic patient and a healthy control [84] .
A study recruited 105 schizophrenia patients with a stable antipsychotic medication regimen and a stable clinical status and 148 healthy controls, in order to assess some inflammatory, including CRP levels, and growth factors in their blood serum samples [85] . Findings reported higher (but not significant) CRP levels, together with triglycerides as well as high density (HDL) and low-density (LDL) lipoprotein cholesterol levels amongst schizophrenia patients compared to healthy control (p=.40) [85] .
A large population-based cross-cohort Danish study aimed at evaluating the relationship between CRP levels and white blood cells across individuals affected with schizophrenia, bipolar depression and depression, and, also investigating the subsequent psychiatric admission and mortality [86] . Baseline median CRP differed significantly between mental disorders (p=.01) being highest in individuals with bipolar disorder (particularly during the manic phase) and schizophrenia. Elevated CRP levels appeared to be associated with increased all-cause mortality. No association has been reported between CRP levels and subsequent psychiatric admission [86] .
A prospective bird cohort study assessed CRP in adolescence and subsequent risk of schizophrenia and related psychoses in the Northern Finland Birth Cohort 1986 [87] . The study reported that adolescents with higher hsCRP levels (<3 mg/L) compared to those with lower CRP (<1 mg/L) were more likely to develop schizophrenia (OR=4.25). Moreover, the authors suggested that probably higher CRP level may be associated with an earlier onset of schizophrenia (p=.07) [87] .
A cross-sectional study evaluating the correlation between brain damage, associated biomarkers and medication, recruited 96 inpatients (70 schizophrenic and 26 affected with mood disorders) in Japan [88] . CRP levels were higher in plasma of both schizophrenic (0.07 mg/dl) and mood disorder (0.14 mg/dl) patients, compared to healthy controls (0.03 mg/dl) [88] .
Forty-one schizophrenic patients who were hospitalized in Shanghai Mental Health Center, were enrolled in a study investigating the correlation between high-sensitivity CRP (hsCRP), interleukin-10 (IL-10) and clinical characteristics, particularly aggression, and their role as potential plasma biomarkers of schizophrenia [89] . Statistically significant higher levels of hsCRP (p<.001) and higher ratio of hsCRP and IL-10 were observed in the plasma of patients affected with schizophrenia, compared to healthy controls. Furthermore, a positive correlation has been observed between hsCRP and the total score and verbal aggression score of the modified Overt Aggression Scale (MOAS) (p<.01) and between hsCRP/IL-10 and the total score of MOAS (p<.01) [89] .
Studies on Correlation between CRP Levels and Cognitive Pattern in Schizophrenia
The study abovementioned by Dickerson et al. [57] already reported an inverse correlation between the mean RBANS cognitive score and CRP levels [57] . Furthermore, the abovementioned neuroimaging study by Prasad et al. [80] did not report any correlation between CRP levels and WCST and cognitive pattern amongst schizophrenics enrolled.
A prospective longitudinal cohort study evaluated the temporal change of cognitive functioning and the predictors of cognitive performance in relation with CRP levels, in a sample of schizophrenia or schizoaffective disorder patients [90] . No significant associations have been found with CRP levels [90] .
A case-control study aimed at determining how a set of proinflammatory markers, including CRP, may be related to general cognitive abilities, recruited 226 patients (121 affected with a schizophrenia spectrum disorder, e.g., 93 with schizophrenia, 8 with a schizophreniform disorder and 20 with a schizoaffective disorder; and 111 with a bipolar disorder spectrum disorder, e.g., 65 bipolar type I disorder, 40 bipolar type II disorder and 6 not otherwise specified patients) vs 241 healthy controls [91] . Findings did not report any association between hsCRP and symptom severity either with general cognitive abilities. The authors stated that a possible explanation for the lack of association may be due to a low detection limit of hsCRP which may have reduced probability to find a significant association. Moreover, the study supports that systemic inflammation markers are negatively associated with general cognitive abilities and show that some inflammatory markers are associated with cognitive function in schizophrenia and bipolar disorder subjects, even though there is not any association with hsCRP [91] .
A study investigated the association between CRP and sensory gating deficit (e.g., abnormal P50 suppression, assessed with an auditory event-related potential method) amongst a sample of 55 outpatients affected with schizophrenia [92] . An elevated CRP (i.e., > 5 mg/L) was associated with a sensory gating deficit and a lower executive function performance assessed with the Stroop Interference test. Furthermore, no association has been found between CRP levels and severity of psychiatric symptoms [92] .
A cohort study consecutively recruited 369 communitydwelling stable patients affected with schizophrenia or schizoaffective disorder, in order to investigate cognitive impairment associated with abnormal CRP levels, using a comprehensive neuropsychological battery [93] . Abnormal CRP levels (i.e, > 3 mg/L) were associated with impaired General Intellectual Ability and Abstract Reasoning (p=.014), independently of psychotic symptomatology, treatments and addiction comorbidities. Moreover, a decline in all components of working memory, memory, learning abilities, semantic memory, mental flexibility, attention and speed of processing has been as well demonstrated to be associated with abnormal CRP levels amongst schizophrenic patients [93] .
A study consecutively recruited 124 schizophrenic patients who were evaluated for their serum CRP level measurements and cognitive assessments at admittance to hospital; whilst 62 patients were retested at discharge or after 6 weeks at the latest, through the measurement of CRP levels and alternative forms of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) [94] . Findings reported an inverse relationship between overall cognitive performance and CRP levels at admittance; no associations have been found between CRP levels and other measures of psychopathology including psychotic symptoms, depression or functioning. Whilst at the follow up, the association between CRP levels and cognition was no longer confirmed. The authors stated that inflammatory state may be a state-dependent marker of cognitive dysfunction in acute psychosis [94] .
DISCUSSION
Overall, an immune dysfunction and inflammation have been described amongst patients affected with schizophrenia [31] [32] [95] [96] [97] . Furthermore, many immune-related diseases/problems, such as autoimmune thyroid diseases, cardiovascular disease, obesity, diabetes, hypertension, smoking, metabolic syndrome and infections have been found comorbidly with schizophrenia [98] [99] . Patients affected with schizophrenia show significant inflammatory marker alterations [100] [101] [102] . Findings reported that some antipsychotic medications altered levels of cytokines and other inflammatory markers in schizophrenic patients [103] . Therefore, the interest in immune/inflammatory changes and their associated oxidative consequences as a potential determinant/key in the pathophysiology of schizophrenia has been recently restored [104, 105] . The latest evidence supports a model which describes that the onset of oxidative stress stimuli and a consequent immune dysfunction may alter cellular homeostasis which, in turn, may determine an aberrant growth of interneurons and, consequently, a psychotic symptomatology [106] . Parvalbumin interneurons (PVIs), particularly through the hypofunction of N-methyl-D-aspartate receptors (NMDARs), are involved in the schizophrenic development [107] . They are fast-spiking GABAergic neurons, involved during the synchronization of firing of pyramidal neurons in cortex and during the generation of gamma oscillations linked to higher-order cognitive processes (e.g., the working memory) which have been found interrupted amongst schizophrenics [108] . Moreover, NMDAR disruption could be prior to the well-known hyperactivity of dopamine (D 2 ) receptors, at the level of mesolimbic and mesocortical projections [109] . Whilst the connection between the PVI disruption and the mesolimbic dopaminergic dysfunction has not been well established yet, the current scientific knowledge demonstrated that PVI disruption, through the loss of pyramidal cell inhibition in hippocampal subiculum, may cause dopamine dysfunction [110] . In addition, correct PVIs functioning depends on the antioxidant and inflammatory/anti-inflammatory activity [111] . Reactive oxygen species (ROS) are produced in the mitochondrial cells, during aerobic metabolism, and they are involved in the aging and in the onset of several diseases as ROS can chemically alter cellular components (e.g., lipids and proteins) [111] . In general, endogenous antioxidants, such as glutathione (GSH), nullify ROS preventing cellular damage [112] . Otherwise, when ROS are not controlled by antioxidants, they can damage macromolecules (DNA, proteins, fats) and alter normal cell signalling pathways [113] , hence, by determining structural and functional alterations [114] . Therefore, oxidative and inflammatory pathways are strictly interconnected to each other, i.e. oxidative stresses induce inflammation through Nuclear Factor-κB (NF-κB) via activation, and consequently, determine the production of further free radicals [115, 116] .
In general, the immunological response, and the consequent cytokines release, respond to different stimuli and the "sensitization" or "kindling" occurs when these are repetitive, by generating a sort of memory function of the immune system [117, 118] . A recent systematic review [119] , involving population-based studies, described how a prenatal maternal infection [73, 120] may be a predisposing factor responsible in raising inflammatory markers during pregnancy, which in turn may increase the risk to develop a schizophrenia or a psychotic disorder in adolescence [121] . Prenatal immune activation, linked or not to infections, has been highlighted as an important risk factor determining the schizophrenia occurrence [122] . In animal models, infective (bacterial or viral) stimulation of maternal immune system during pregnancy develops typical schizophrenia/psychotic symptoms in the offsprings [122, 123] . The same phenomenon has been observed in humans as well, as the maternal infection during pregnancy acts on the foetus brain development [124] [125] [126] . In fact, increased maternal levels of cytokine Interleukin-8 (IL-8) during pregnancy hace been associated to an increased risk for schizophrenia [125] and a decreased brain volume amongst the new-borns (lower volumes of the right posterior cingulum and left entorhinal cortex and higher volumes of the ventricles) [127] . The attention was focused on maternal respiratory infections [128, 129] , genital infections and reproductive tract infections [129, 130] .
As the abovementioned evidence suggested an inflammation trajectory in the pathophysiology of schizophrenia, current research tried to identify specific inflammatory markers for schizophrenia, able to be considered pathognomonic biomarkers amongst schizophrenics. Identifying a specific inflammatory pattern amongst schizophrenic patients may allow the development of new pharmacological targets for schizophrenia. To date, various interesting findings have been described, such as higher serum levels of tumor necrosis factor alpha (TNF-alpha), interleukin-6 (IL-6), interleukin-2 (IL-2) and CRP associated with the 'schizophrenic state' [131] [132] [133] [134] . Amongst these, CRP, a nonspecific plasma protein marker, produced by the liver as part of the acutephase response in both acute and chronic inflammatory conditions, seems to play a significant role in the immune response in schizophrenia [135] . CRP is direct, sensitive, quantitative measure of the overall acute phase response and easy to be detected through blood sample. In fact, currently, highly sensitive assays are available for the measurement of relatively small serum concentrations of CRP (hsCRP), which may be useful for laboratory assessment amongst schizophrenia subjects. Furthermore, CRP levels begin to rise within 4-6 hours after tissue injury/infection and continue to increase exponentially, doubling every 8-9 hours and peaking at several hundred folds within 24-48 hours.
The present systematic review reported that most studies here retrieved demonstrated that elevated serum CRP levels are correlated with schizophrenia and are associated with a more severe schizophrenic symptomatology [40, 55, 62-63, 66-69, 71-72, 77-79, 81, 84, 86-88, 95, 97, 134] ; whilst other studies did not confirm these findings [57, 70-71, 74, 76, 77, 80, 83, 85, 91-92] . Specifically, hsCRP levels are increased in stabilized schizophrenic patients and during the remission and chronic phase of illness [63, 71, 81] , are increased in acutely agitated schizophrenics and decreased after acute agitation is controlled by administration of antipsychotics [81] . Moreover, increased CRP levels have been reported amongst schizophrenics with catatonic features associated to the illness [63] , with a comorbid metabolic syndrome [40, 64] , in acutely agitated schizophrenics with an increased cardiovascular risk [81] , negative symptomatology [55, 67] , with a low quality of life [72] , a greater physical functional impairment [82] , and a higher mortality [86] , amongst schizophrenia subjects. Furthermore, an association has been as well reported between elevated CRP levels and more aggressive schizophrenics [77, 89] , but not with suicidal behaviour [77] .
Overall, CRP levels seemed to increase the general risk of late or very-late-onset schizophrenia [69] or to be associated with an earlier onset of schizophrenia [87] . However, a recent large-scale cross-consortium Mendelian randomization study used two genetic risk scores (GRSs), i.e. the first one consisting of four single nucleotide polymorphisms (SNPs) in the CRP gene; whilst the second one constituted 18 SNPs which were significantly associated with CRP levels in the largest genome-wide association study (GWAS), in order to determine if CRP could be a protective or risk factor to schizophrenia [136] . The authors reported indeed that genetically elevated CRP levels showed a significant potentially protective causal relationship with the risk of schizophrenia, by disconfirming previous hypotheses [136] .
Cognitive symptomatology has been considered to own a higher impact on the outcomes of schizophrenics. Regarding the cognitive pattern amongst schizophrenics, a positive correlation has been reported between CRP levels and cognitive functioning in individuals with schizophrenia [57, [92] [93] [94] , particularly an elevated CRP level was associated with a sensory gating deficit and a lower executive function performance assessed with the Stroop Interference test [92] . Moreover, increased CRP levels were associated with impaired General Intellectual Ability and Abstract Reasoning, independently of psychotic symptomatology, treatments and addiction comorbidities [93] . Working memory, memory, learning abilities, semantic memory, mental flexibility, attention and speed of processing worsened with increasing CRP levels [93] . Whilst other studies did not demonstrate any correlation with cognitive functioning [40, 80, 83, 90, 91] .
However, there are several major limitations in the present review that should be acknowledged. First, most studies own methodological dis-homogeneities, such as inclusion/exclusion criteria (not all studies included only schizophrenic patients), different sample size (some of them included a small sample size with different clinical features) [40, 62, 64, 67, 71, 76, 77, 79, 80-84, 89, 92] , various recruitment settings (i.e., inpatients, outpatients, communitybased sample, etc.) and study design ( Table 1) . Furthermore, from a clinical point of view, studies here retrieved showed different lengths/courses of schizophrenia, different phases of illness (i.e., acutely agitated patients, acutely not-agitated patients, chronic and stable patients, early-onset patients, late-onset patients, etc.), different clinical subtypes of schizophrenia, however the antipsychotic medication has not been always reported (i.e., patients with stable antipsychotic medication, patients with not stable antipsychotic medication, free-drug patients, not specified antipsychotic medication, etc.) [64, 66, 68, 70, 73, 79, 91] . Regarding the sample, a dis-homogeneous sample has been reported of schizophrenic patients recruited in terms of different sociodemographic characteristics of sample (i.e., sex, gender, race, etc.); some studies specifically recruited some ethnic groups, such as Arabics [63] , Armenians [65] , Egyptians [55, 84] , Taiwanese [67] , Indians [76] , Japanese [78, 88] , Chinese [81] , Brazilian [82] , Estonian [85] , Danish [86] , Finnish [87] , which may influence the findings here retrieved. Therefore, the above-mentioned limitations greatly limit the generalizability of findings here reported and have limited the possibility to carry out a clinically significant meta-analysis.
Moreover, one should argue that the duration of schizophrenia illness as well as the different phases and course of schizophrenia may influence the findings of studies here considered. In fact, some studies recruited acute patients [81, 94] whilst others assessed chronic and medication-stable patients [71] . Findings support the hypothesis of inflammatory and immune involvement of acute agitation in patients with schizophrenia, by suggesting that hsCRP may be a potential indicator in the prompt diagnosis of acute agitation amongst schizophrenics [81] . However, the role of CRP in the pathogenesis of acute agitation and acute recrudescence in schizophrenia still needs further studies.
Furthermore, other potential bias limiting the interpretation of findings here presented, may be represented by the influence that specific antipsychotic medications may have on the inflammatory process and immune function amongst schizophrenic patients [97] . Some studies specifically recruited participants stable on antipsychotic medications [62, 63, 64, 67, 72, 82, 85, 92, 93] , while others, without any medication [55, 79, 89] . More studies specifically focused on the influence of an antipsychotic as well as an antidepressant medication on the inflammatory markers of schizophrenia are needed in order to evaluate how a psychopharmacological treatment may be more efficacious in attenuating schizophrenic symptomatology based on their specific effect on the inflammation associated to the illness [98, 99, 137, 138] . Furthermore, as recently discussed, schizophrenia research should as well consider the relationship between other psychopathological dimensions, e.g., the alexithymia, and the acute phase proteins and cytokines, amongst the schizophrenia patients, in order to evaluate how inflammatory markers may specifically influence other clinical dimensions of schizophrenia [139] .
Alexithymia and its relationships with acute phase proteins and cytokine release: an updated review.
CONCLUSION
In conclusion, even though it is still unclear if inflammation may be a by-product of the pathophysiology of schizophrenia or may directly contribute to the clinical manifestations of schizophrenia, findings here retrieved support the hypothesis of a potential role of CRP and its blood levels as biomarker in schizophrenia. Further longitudinal studies (based on an ethnically homogeneous and geographically defined region) taking into account: a) the different illness phases (i.e., early-stage, chronic state, acute recrudescence, remission phase, etc.); b) the different clinical subtypes and manifestations (including aggressiveness, violent behaviour, suicide ideation and behaviour, cognitive impairment, and so on); and, c) the role of antipsychotic medications in influencing the inflammatory state in schizophrenics, are needed in order to better understand if the inflammation pathways may be useful targets for new interventional strategies in schizophrenia as well as if some inflammatory markers (such as CRP) may be considered an useful biomarker.
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